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Introduction 


A  radioactive  substance  of  long  half  Ufa  omits  particles 
at  a  nearly  constant  average  rate,  but  the  mi  bar  of  disintegrations 
in  any  time  interval  will  vary  because  of  their  random  distribution* 

It  has  been  shown  (3,9)  that  the  number  will  be  distributed  about 
the  mean  value  in  accordance  with  the  Poisoon  distribution,  and  that 
the  standard  deviation  in  the  number  will  be  given  by  the  square 
root  of  the  mean# 

If  now,  counts  are  mad©  of  the  number  of  disintegrations  in 
a  given  time  interval,  it  may  be  found  that  the  observations  do  not 
follow  a  Poisson  distribution  because  of  counting  defects*  This  may 
be  checked  bt  comparing  the  standard  deviation  of  the  counts  obtained 
with  the  square  root  of  the  mean  count#  One  my  aim  use  the  Chi 
square  test  to  determine  the  probability  that  the  counts  obtained 
are  from  a  random  so?  roe#  Harked  effect©  on  the  counting  ret  and 
on  the  observed  standard  deviation  will  be  produced  by  such  counting 
defects  as: 

(a)  Significantly  long  dead  time  (3,5,4) 

lb)  Two  or  more  pulses  being  recorded  foi’  each  one  entering,  the 

counter* 

(o)  Pick  up  of  60  cycle  line  frequency* 

(d)  Intermittent  counting  due  to  varying  voltage  on  the  counter* 

To  make  a  reliable  measurement  of  the  standard  deviation  or  to 
apply  a  Chi  square  test  requires  a  largo  number  of  reading#  and 
lengthy  calculations*  The  instrument  described  in  this  thssio  eliriin- 
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ates  these  calculations  an"  glv*>3  m  indication  of  the  counting  rat© 
and  th©  standard  deviation  simultaneously  while  the  oountln  is 
being  done. 

■•Valuation  of  the  Counting  date. 

A*,  dealer: 

The  most  widely  used  method  of  determining  counting  rate 
is  to  make  an  actual  count  of  the  number  of  pulses  received  in  a 
Measured  time  interval.  An  electronic  scaler  ia  used  to  count  the 
pulses.  Many  types  of  scalers  have  been  developed  (14, 1  >16,17,18,19; 

v 

■Some  of  the  advantages  and  disadvantages  of  using  a  scaler  may 

be  listed  as  follows! 

Advantages:  1.  An  actual  count  is  made  of  each  Individual  pulse 
so  there  is  no  limitation  imposed  on  the  accuracy  of  the  result  ob¬ 
tained  by  the  accuracy  of  the  electronic  eomponeata  involved. 

2.  A  series  of  readings  over  a  constant  time  Inter¬ 
val  may  be  used  to  obtain  the  standard  deviation  and  than  the  re¬ 
liability  of  the  results. 

Pisa  lvarta-  '--’3!  1.  3specift.il;,  at  hi#  counting  rates  the  accuracy 

of  the  results  is  limited  by  the  precision  with  which  the  tim 
interval  may  be  -ensured.  An  error  in  timing  should  be  obtained  and 
considered  when  estimating  tha  reliability  of  the  results. 

2.  To  obtain  an  estimate  of  the  reliability  of  the 
results,  the  very  long  nrocedure  outlined  in  a  later  section  niot 
b©  followed. 
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Xnterpr  -ta cion  of  cal  or  Data 

The  otatiatics  of  counting  is  thoroughly  dealt  with  in  existing 
literature  -an oh  as  (1,3,9,21,23/ •  An  outline  of  the  math  I  n- 

alysis  and  interpretation  used  hero  follows. 

Jynbols:  -  The  symbols  used  in  the  following  section  with  their 
definitions  are: 

M  -  the  mean  counting  rate 

m  -  the  average  number  of  pulses  recorded  in  an  interval. 

T  -  the  constant  interval  over  which  the  pulses  are  counted# 

<*r  the  standard  deviation  of  the  counting  rate,  See  appendix  1. 
the  standard  deviation  of  Ufa;®  number  counted  in  the  time 
interval  T# 

x^  -  the  actual  number  recorded  in  the  i  th  interval  T# 
n  -  the  number  of  intervale  T# 

.P(xJ  -*  the  probability  of  obtaining  x  counts  in  the  interval  T* 

T  -  the  dead  tin -■  of  the  counter* 

m.d.  -  noon,  deviation. 

Th©  overage  number  recorded  in  the  interval  is  given  by 


n 


The  mean  counting  rate  is  then  ®  * 


The  variance  in  m  is  obtained  by  taking 


The  standard  deviation  is  then  the  square  root  of  the  variance 


’ 
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If  n  la  large  so  the  expected  poisson  distribution  approaches 

the  normal  distribution,  the  standard  error  in  cr  is  given  by 

m 

(1*  P  ^  /y^rT 

The  fractional  standard  error  is  then  1/  V§n 
Table  1  shows  the  standard  error  as  a  percentage  of  the  stand¬ 
ard  deviation  for  various  numbers  of  samples,  n,  Fig ♦  1  is  a  plot 

of  the  standard  error  in  the  standard  deviation  for  numbers  of 
samples  from  10  to  10,000, 

TABLE  1, 


Number  of  Samples  n. 

,•  s,e*  in  or 

10 

33*4 

100 

7,1 

300 

S,G 

5,  000 

1,0 

Ghl  Square  Test:  (l,p*X?3j 

The  Chi  quare  tost  is  used  to  find  the  probability  of  obtain¬ 
ing  at  least  as  large  ©  standard  deviation  as  that  obtained  if  the 

samples  follow  the  caisson  distribution, 

S 

If  3  Is  an  unbiased  estimate  of  the  variance  of  n  samples, 

,3 

and  cr  is  the  expected  standard  deviation,  then  will  bo  distri¬ 

ct 

buted  like  Chi  squared  with  n-X  degrees  of  freedom.  For  a  Poisson 

distribution  the  expected  variance  is  equal  to  the  mean  m*  From 

a  series  of  readings^  n  5  ■=  i  ““*’n) 

Then  JL  £  (Xf  ->n^ 
rrx 

will  be  distributed  like  Chi  Square: 


. 
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Per  cent  standard  error  in 
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Number  of  samples,  n 


Pig.  1. 

The  proximate  per  cent  standard  error  in  ? r 

for  v  rious  numbers  of  samples*  The  error  is  computed 

froFs  s,  e  *  _ _ 1 _ 

*r  rfZn 
n  and  large  ® 


which  holds  only  for  large 
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with  n-1  degrees  of  freedom. 

The  X  2  tables  then  tell  the  probability  t hat 
great -r  than  the  value  obtained  will  be  found  if  the  samples  are 
raiuiam*  Tables  oi  are  to  be  found  in  mau;,  books  on  ics, 

ll,p.l71).  Fig*  2  ia  a  copy  of  a  chart  showing  the  probability 
of  obtaining  the  given  val; It#  oi  X.  for  &-1  degrees  of  freedom* 

The  reproduction  is  from  one  distributed  to  classes  by  *1).  Vans  at 
M.I.T* 

Comparison  of  the  Mean  Deviation  ath  the  standard  Deviation. 

In  the  construction  of  the  meter  it  was  found  that  the  average 
deviation  from  the  me&r  could  be  more  easily  obtained  than  the 
standard  deviation*  However,  the  standard  deviation  is  the  quantity 
usually  used  in  statistical  analysis* 

It  will  be  shown  'that  for  the  roissmi  and  normal  distributions 
there  exist  simple  relations  between  the  standard  and  the  mean  de¬ 
viations.  Because  of  this  it  has  been  possible  to  calibrate  the 
instrument  in  terms  of  standard  deviation  although  it  is  mean  de¬ 
viation  which  is  measured. 

It  should  be  noted  that  the  calibration  takes  account  of 
Foisson  and.  normal  distributions  only.  For  other  distributions 
the  indicated  standard  deviations  my  not  be  correct. 

For  a  continuous  distribution,  for  which  the  probability 
density  is  pixj,  the  variance  ia  given  by  the  second  moment  abo^ t 


the  mean,  or 


\ ana) 2  p(x)  dx 


Fig.  2 
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The  me-  .n  d  •  -  * :  a  \  on  J  c  ^ 

m.d."  f  lx— ra \  pyxj  dx 

-oo 

For'  a  clleorete  distribution  the  variance  is  given  by: 

<T~  <  51  (x-ia;2  H*J 
i  i 

and  tho  mean  deviation  is 

cud**  51  \x“mJ  J?(x) 

>  i 

In  each  case  |x-\  |  to  the  absolute  value. « 

Normal  distribution: 


The  probabilit,,  density  Tor  the  normal  distribution  is  given 


by 


(l,p.  56) 


1  e 

VV*JT 

The  variance  is  (T4  and  the  standard  deviation  is  ot 


L 


The  mean  deviation  WM$  he  found  S|  evaluating 

^  z'  -6c-m)7'  .  /*°0  -(x-v^T 


oo  tf" iziT  ^  ifzjr 

This  may  be  simplified  by  putting  (ac.-Mj  2  u# 


Til- 


and  one 


a  du-=\  %~ia;flx 

^  --^r  fe 


naa 

-'A. 


,£ 


tfU, 


-  ir  V#7  =  o.7?8  <r 

Therefor  - ,  for  a  nor-  al  distribu  tion  the  moan  deviation  is  ..  .798  cr# 

If  the  mean  is  large,  the  Poisson  distribution  approximates 
a  normal  distribution#  d©  may  then  expect  that  for  m  large,  the 
mean  deviation  of  the  roisaon  distribution  is  also  given  by  0.79B  cr  • 
Foissan  Diatribi; tion: 

For  a  roisson  distribution  the  probability  of  obtaining  x  counts 

,  ,  x  -m 
r(x)  a  m  e 

x  l 


if  the  mean  is  m  is 
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The  variance  or  second  moment  about  the  moan  Is 

oO 

*  21 

Xro 

This  can  be  shown  to  bo  equal  to  the  moon,  m*  Therefore,  the 

st&ndrrd  deviation  O'  « /»  • 

The  moon  (relation  for  the  olsson  distribution  will  be 

CM 

found  froa  21  (»-*)  Hi)  *  21  (x~»)  F(l) 

”7C=  0  ' 

where  refers  to  the  integer  equal  to  or  first  below  ra. 

This  con  be  shown  to  give 

•♦4#  *  2  a  |L  (Q»3)  see  as  pend  lx  2* 

The  ratio  of  the  mean  deviation  to  the  standard  deviation 

i!i  thettI  •  zfur  ps(m) 

This  ffati*.'  U  pieties  against  the  $t#ett  In  fig.  3* 

It  shows  that  the  average  value  for  this  r^iio  approaches  the 
value  for  the  Marumi  distribution  end  becomes  practically 
in  spend  out  of  m  when  is  gets  greater  than  about  5* 

The  Poisson  distribution  allots  only  integral  values 
of  i,  that  is  an  integral  number  of  pul* os  to  be  recorded  la 
any  time  inerval.  In  a  count  Inf!  rate  meterx  refers  to  the 
effective  number  of  pulse®  stored  in  the  tenfc  clreul t  at  any  . 
time.  This  will  not  be  limited  to  Integral  values*  The  Poisson 
distribution  will  then  not  be  uy  llcable.  It  will  be  expected 
to  five  n  «p:  roxin^ilon  at  least  for  integral  m*  for  non 
integral  a  it  le  to  be  expected  that  the  curve  will  be  smooth 
between  the  points  obtained  for  the  integers*  This  is  shovn 
by  the  dotted  curve  In  fig,  J. 


natio  of  the  mean  deviation  to 
the  standard  deviation. 


0  2  4  6  8  10 

Mean ,  m 


Fig.  3. 

l*he  ratio  of  the  mean  deviation  to  the 
standard  deviation  for  the  Poisson  and 


Normal  distributions 


u 


Counter  d«*u  times  mity  he  classified  Into  two 

categories,  exte&ied  or  non  extended* 

Kim  extended  deed  il#©e  occur  when  the  counter  Is 
rendered  Insensitive  to  the  detection  of  another  pule#  for  a 
eriod  'X  &ft**r  it  -  record*  one.  Another  pulse  ©ecmrrimg  in 
this  period  vil  not  be  counted,  end  will  t*ot  fur  the-  extend 
the  dead  time. 

Sbt  tended  dead  tines  occur  -when  the  dead  time  ia  extended 
for  a  period  X  after  the  receipt  of  isell  pulse  whether  or  not 
the  counter  is  already  dead.  Pulses  arriving  whom  the  cornier 
is  dead,  however  are  not  counted,  Host  counters  exhibit  part 
of  both  type*  of  dead  tinea t  though  #*M»  ©man  tors  have  mainly 
non  extended  deM  limas*  Seintllietien  counters  s  on  the  other 
hand,  exhibit  mostly  extended  dead  times  because  of  the  deed? 
time  for  each  scintillation,  (  10  >* 

$#M;*  counters  have  dead  times  of  300  to  600  micro¬ 
seconds,  and  proportional  and  scintillation  counters  are  dead 
for  about  0,01  alaf**e*ga&e«  Scalers  usually  hart  ■ 

times  of  from  2  to  10  microseconds*  fhle  Is  insignificant 
when  used  with  G*k,  eenatere  but  large  when  used  with  scintillation 
countars*  Sims,  of  the  sere  recent  advene©*  in  sealer  design 
hare  been  in  the  reduction  ©f  dead  time  (20}» 


.! 


■ 
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W. Feller  (2)  has  made  an  anal,  sic  of  the  expected  number 


of  counts  to  bo  recorded,  and  the  standard  deviation  for  both 


types  o  ’  dead  tines,  (5, Clark  14)  has  also  made  an  analysis  of 


statistics  and  counter  dead  times. 


For  non  extended  dead  time,  Feller  shows  that  the  expected 


number  to  be  counted  is 

sr*-  -  (  , p.112) 

and  the  variance,  is 

MT  W\ZXZ 

m  r+Mx  +  ToTTrtj^  (2,p.us} 

For  an  extended  dead  time  he  shows  that  the  expected 

number  is  -Mt  ^  (S5p.ll  } 

m-  I  ~  e  +  ^  ^  v 


and  the  variance  in  this  case  will  bej 


rPMe 


MT 


)- 


-MT 


2  -2MT 


The  quantities  whim  are  measured  ere  in,  T,  and  crS  .  It 

IB 

m  counts  are  received  and  the  distribution  is  Poiasoniar:,  the  ex¬ 
pected  variance  ?ill  be  equal  to  ra  and  the  ratio  of  an ®  /n  will  be 
one.  If  there  are  counting  losses  due  to  dead  tin  ,  this  ratio 
will  decrease  as  shown  in  the  following  an -.-lyses. 

(a)  Non  extended  dead  time 
rail  a-*  3  equat.ons  a  ret  as  given  above. 


' 
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The  ratio  may  than  b©  written  aa: 


2 


_ 2ut(  n-iitr _ 

(  l+MT-p  ^  aiT(  l+K-tj  +  M^-rTT 


neglecting  U  x  with  respect  to  2MT  this  reduces  to 

2 

<T 

m  i 

m  ( 

One  of  the  aurres  in  Fig#  3.  shows  <%  plotted  as  a  function 

m 

of  X  X  for  non  extended  dead  tine# 

(b)  Intended  dead  time* 

In  this  case  we  use  the  equations  showed  by  Feller  \2)9  ' 


,  -mx  „  -{n/M  _ 
m  -  1  -  ©  -i-  M#  (T-  x) 


and  trf  —  Me”*,1:<T-'C)(X-aaXs"‘’X)  -  (ii-BX)2  e“"  ‘  X 


If  T  is  large  compared  with  X  f  then  (T-X)  T#  Then  it  will 
usually  follow  in  counting  that  MT  >v>l  and  MX  <1,  tfolAg 


these  approximations  the  ratio 


JSi 


m 


reduces  to 


O' 

a 

u 


«  1  -  SIX© 


4!t 


This  is  also  plotted  in  Figure  3  with  the  curve  for  non  extended 

dead  tirn©* 


Figure  3  shows  that  there  is  a  difference  in  standard 
deviation  if  the  dead  time  is  extended  or  non  extended*  By 
measuring  the  standard  deviation  a-.;d  the  counting  rate  it  would 
then  be  possible  to  calculate  the 


. 


■ 
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0.01  0.05  0.10  0.50 

MX 

Fig.  4. 


The  ratio  of  the  measured  variance  to  the  measured 
mean  for  extended  and  non  extended  dead  times  as  a 
function  of  the  product,  mean  pulse  rate  times 


dead  time 


15, 


srJ- 


dead  fcir*  from  —  If  it  la  known  to  b<  it  ax  tench  :  03 

non  «xt ended*  Confers  el  ,  if  the  dead  tine  la  measured  by  other 

* 

*  -25-  will  tell  If  the  iffil  ti: *6  1ft  txtS&Asd  or  m  %- 

hr* 

;ended«  This  analysis  may  prove  helpful  in  the  invest!  at ion  of 
;h<  -  median  ism  of  counters* 


li«  Counting  date  lie  tor* 

Tho  counting  rat©  meter  la  an  instrument  which  gives  a  direct 
reading  of  the  average  rate  at  which  the  pulses  are  being  received* 

Man;-  types  of  counting  rate  meters  have  been  designed  (84*35*26, 
37,88,29]*  In  general,  they  consist  of  an  integrating  circuit 
with  an  exponentially  decaying  memory*  For  each  count  received, 
a  quantity  of  charge,  q,  is  fed  on  to  a  condenser  of  an  30  tank 
circuit.  The  charge  on  the  condenser  slowly  leaks  through  the  re- 
ni atan oe*  The  voltage  on  the  condenser  at  which  equilibrium  is  at¬ 
tained  between  th  -  rate  at  which  charge  is  being  put  on  arid  the 
leakage  current*  gives  an  indication  of  the  rata  at  which  pulses 
nr©  bein'*  received*  This  indicated  rats  will  fluctuate  If  the 
pulses  beii,  r  calved  are  not  regular.  The  extent  of  t he  fluctuations 
vill  4  ...  VI  :  vnliu't  of  I  and  G  £n  the  tank  circuit  _  os 

veil  as  b  the  frequency  distribut.;  <m  of  the  pulses* 

Fig*  5  shows  a  copy  of  a  rec  ......  of  a  trace  from  various 

samples  taken  with  the  rate  rather  which  forms  the  basis  for  the  stand- 
1  rd  deviation  meter* 

Fig*  6  shows  a  calibration  curve  of  meter  deflection  vs.  measured 


• 
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' 

. 
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n%.  5* 

A  co  y  of  a  typical  comtia..--  rate  meter  trace, 
A,  &ero  setting 
8,  3600  c/m  o»  60  cycle  test 

C,  Sample,  1780  c/m 

D,  Sample,  3940  c/m 
$,  Back  rcjuid,  50  c/a 

Zerc 

TeNI  V'vnynn^  ,  30  m\»wte.5 


Deflection  on  recording  meter,  scale  divisions 


17, 


Fig.  6. 


Calibration  of  the  counting  rate  meter  on  the 


5000  counts  per  minute  range 


18, 


counting  rats*  The  relation  ie  seen  to  be  linear* 

An  analytic  of  the  counting  rate  meter  by  l*l*3ahi  ft  and 
R#-.Pvctns  (30)  has  shoe  that  the  average  voltage  indicated  after 
the  inu t  run  ant  has  been  receiving  pulses  for  a  time  long,  compared 
with  itO  is  given  by 

V  *  Mqli 

where  : 

M  is  the  rat©  at  which  the  pulses  are  received 
q  is  the  charge  per  pulse* 

This  analysis  assumes  that  e  constant  mean  number  of  pulses 
is  received  in  each  interval  of  tine  dt.  If  the  frequency  distri¬ 
bution  of  pulses  ia  assumed  to  follow  the  Poisson  lew,  the  variance 
of  the  number  of  pulses  in  each  interval  dt  is  equal  to  the  moan* 

It  is  then  shown  (30)  that  the  standard  deviation  of  an  instantaneous 
reading  of  V  will  be  given  by 

Vac 

Advantages  of  a  Counting  nato.  footer* 

1*  fno  counting  rate  $i|  be  read  directly  from  a  me  ten*  or  Pm 
corded  oonti nc;oualy  by  a  recording  meter*  Vith  continuous  recording 
any  change  in  the  counting  rate  during  the  interval' will  be  detected* 
2*  A  rough  indication  of  standard  deviation  is  obtained  by 

observing  the  fluctuations  of  the  meter* 

# 

JisactvfcMtay  a  of  a  U  «*:  :* 

1.  The  accuracy  of  a  counting  rate  det ermine tlo  is  limited 
by  the  accuracy  of  calibration  and  the  stability  of  the  coupon  nto 
involved*  Using  ordinary  radio  components,  frequent  checks  must  be 
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made  on  a  calibration  standard  to  correct  for  faster  drift* 


Calibration  of  the  Counting  »fato  Setor: 


The  counting  rat©  meter  was  calibrated  by  feeding  in  regular 
pulses  of  a  known  frequency*  These  were  obtained  by  tapping  off  a 
sweep  fret  uency  from  the  horizontal  plates  of  an  oscilloscope, 
synchronized  to  various  multiples  and  fractions  of  00  cycle  line 
frequency.  The  lowest  frequency  available  in  this  mnmr  was  10 
cycles  per  second  or  900  counts  pea?  minute.  This  would  calibrate 
down  to  the  1000  c/ia  scale*  For  frequencies  below  this,  the  output 
of  the  coaler  on  00  ay  cl*  >  test  was  used*  4130  c/m  wore  obtained  by 
using  'the  output  from  the  scale  of  8  with  60  cycle  input*  06 «2h 
c/m  were  obtained  fron  the  output  £&m  the  scale  of  64. 

The  calibration  frequencies  with  their  source  are  listed 
in  Table 

t«  a. 

QA i ..  . _  . . ;  j . j* 

Cjounta  per  minute  ^Source.  .  .  i 


18,000 

14,400 


10,800 


?,aoo 

3,600 

1,800 

i,aoo 

900 
400 
56.  as 


Ocoilloscopo  memp  -  5  traces 

»  4  « 

»  3  » 

»*  £  « 

tt  1  cycle 

**  a  cycles 

5  cycles 

"  4  cycles 

Scale  of  8 
Scale  of  64 
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Fig.  7. 
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Recording  of  the  rate  with  different  time  constants 


Two  traces  as  obtained  from  integrating  circuits 
with  different  time  constants.  The  shaded  area  between  them 
is  proportional  to  the  mean  deviation. 


j 


■ 


■ 
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The  mean  of  the  absolute  value  of  this  voltage  difference 
is*  obtained  by  using  a  full  wave  rectifier  and  dG  anoothing  circuit  * 
This  is  the  mean  deviation  which  has  been  atom  to  be  proportional 
to  the  standard  deviation  for  a  normal  distribution*  and  for  a 
Poisson  distribution  with  a  large  laaan* 

The  counting  rate  meter  chosen  aa  a  basis  for  the  standard  de¬ 
viation  meter  \ma  essentially  the  one  designed  by  jUKipp,  A*Bo«squet 
V.  Tver e»  and  ^*Tiittle,  (28),  except  for  mm  additions,  It©  oper¬ 
ation  is  in  brief  m  follows:  (where  the  smpmmta  refer  to  ri^*8 
Figs  9A  and  $B  show  the  layout  of  the  principal  circuit  al?crmes 
on  the  two  chassis)* 

A  qu’-noh in^  circuit  and  prasiiplif  ler  1*  cantered  around  ¥-1# 

¥-2  gives  further  amplifie&ticm  to  trigger  the  single-shot  mtltl- 
vibrator  formed  by  ¥-3  and  ¥-4*  Thin  utultivibretor  is  the  pulse 
shaping  dories  to  rive  a  uniform  charge  for  each  pulse*  V~B  further 
amplifies  the  pulse  md  inverts  it  to  imM  a  charge  on  to  OIS* 

013  with  U-19,  ■•  ‘>30  and  r-21,  fo m  the.  integrating  tank  circuit* 
013  is  2  microfarads  and  each  resistance  is  10  megs.  This  rives 
time  constants  of  80.40  md  00  eeeonds  for  the  various  ranges# 

¥-0  forms  a  vacuum  tub©  voltmeter  to  rat#  the  voltage  on  0-12# 
Tills  voltage  is  indicated  by  the  current  in  PT— 1  or  the  potential 
across  1-1*  Calibration  adjustments  for  eaa,  ranee  are  Bind©  by 
varying  the  voltage  on  the  screen  gp&$  of  V-5*  wnioh  controls  the 
size  of  the  pulse  fed  on  to  0-12*  Over-all  sensitivity  of  the  meter 
is  controlled  by  ft* 40*  Zero-lag  of  the  meter  la  dene  by  adjustment 
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multivibrator  integrating  circuits 
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▼1 

6J7 

A19 

10  ne&.  1/4  watt 

72 

(SJ7 

R20 

10  nag.  1/4  watt. 

▼3 

6sj7 

421 

10  me#.  l/4  watt. 

▼4 

6SJ? 

R22 

12,000  10  watt. 

V5 

6SJ7 

R23 

25,000,  Pot. 

▼6 

6*07/1852 

R24 

50,000,  Tot. 

77 

6C8 

R2J 

15.000  lot. 

78 

6SJ? 

R26 

15.000  Pot. 

79 

6AC7/18J2 

R27 

8,500 

no 

6x5 

R28 

l5tooo  rot. 

ni 

7x2/879 

R29 

15,000  rot. 

712 

605 

R30 

15,000  Pot. 

n3 

VBX05 

R3X 

5*000  Pot. 

▼14 

▼BIOS 

R32 

0.5  B*e  •  1/4  watt. 

ns 

606 

»33 

3500  -  10  watt* 

VI61 

p  1/4  M»tt  neon  taltai 

K34 

30,000  ~  1  watt. 

▼17  J 

bayonet  bae*  without 

835 

10  1/4  watt. 

internal  reel store. 

UJ6 

10  mo#.  1/4  watt. 

41 

10  ®eg.  1  watt. 

fi3  7 

10  amg.  1/4  watt. 

R2 

5  1  watt. 

R38 

50  pot. 

*3 

8  ®eg. 

139 

2000  1/2  Wfett. 

R4 

0.5  a«g.  l/<*  wait 

R4e 

50C-.  1  watt. 

R5 

1  »•£. ,  1  watt. 

R41 

2500G  l  watt. 

200 | 000,  l  watt 

&42 

5000  Pot. 

R7 

300,000  1  watt. 

R43 

5000  Pot. 

H8 

X  l/4  watt. 

144 

5000  Pot. 

49 

100,000  1/2  watt* 

R45 

10,000,  10  watt*  variable 

♦  500  pot* 

no 

250*000  X  wait 

fill 

300,000  1/2  watt 

R46 

200 0 

RX2 

2  JO, 000  l  watt 

m? 

500  l  ot. 

H48 

5000  Pot. 

4X3 

100, ooc  1/4  watt 

K14 

6.000  Pot. 

R49 

5000  Pot. 

4X5 

0*5  ®e£.  1/4  watt. 

PJO 

15. 000  1/2  wait. 

*51 

150,  1/2  w  it. 

116 

3300  10  watt. 

Bl? 

30.000  1  w* it 

R52 

1,000,  10  watt*  variable 

fiia 

100,000  1/4  wait. 

R53 

300,000,  2  watt* 

154 

0.1  ®eg.  l/4  watt. 

(continued) 


Aiftbln.  5  ( continued  ) 
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R55 

0.2  n>e<r.  l/4  watt. 

C13 

20  450  v,  electrolytic 

R56 

0.3  meg.  1/4  watt. 

014 

?0  450  lectro lytic 

B5V 

0.3  meg.  l/4  watt. 

015 

0.000?  mi co. 

H5B 

c.25  l/4  vtUt 

016 

0,00094  mica  (cal.  1$) 

R59 

O.25  meg.  1^4  watt. 

C17 

.00188  mice  (cal,  l£) 

K6o 

0.25  ***.  1/4  watt. 

016 

.00375  aica  (cal.  if) 

B61 

2*25  Kieg.  1/4  watt. 

019 

.0094  mica  (cal.  1$) 

R62 

10  meg.  1  watt. 

020 

.0188  mica  (cal.  1 i) 

S63 

100  meg.  1/4  Watt. 

C21 

0.094  paper  (c  *1.  if) 

B64 

1  meg.  1/4  watt. 

022 

0.094  oanerCcal.  1  %) 

£6$ 

0.5  meg.  1/4  watt* 

c?3 

£0®q-5OV  Mallory  2-44 

*66 

l  meg.  pot. 

C24 

0.1  paper  161,511 

B67 

0,75  we#.  1/4  watt* 

C?5 

Q.<?5  2000V.  alt 

£68 

0.75  *»g.  1/4  watt. 

026 

G.25  800i;7  ftil 

B69 

0.75  meg.  1/4  watt. 

02? 

50  ppf.  mica 

CZB 

50  pfai\  &ie& 

B70 

0.75  1/4  watt 

£71 

0,75  meg*  l/4  watt 

n 

6.3V  pile*  light 

R72 

0.75  meg*  1/4  watt 

*1 

2  200v  fuse 

R73 

0.75  aeg*  1/4  watt 

n 

l/32  amp  fuse 

H74 

©•5  meg*  1  watt. 

B75 

1  meg.  Pot, 

n 

^.cte  -  output  to  recording 

Fcie&tlemeter 

£76 

3*500*10  watte  variable 

J? 

Jack  -  cut  put  to  recording 

R7? 

0.5  meg. 

Potentiometer 

ci 

0.5  10  0  volt® 

HI 

0  5  or  0  2.5  me. 

oz 

50  ppf  ceramic 

m . 

0  100  micro  aap«. 

C3 

0.01  mica. 

n 

SCA  Transformer  Vo.  3339 

C4 

0.002  mica. 

Pri,  1 17  Vdt*  60  cy. 

C5 

0,25  vw*t 

L.7,  Plate  330  -  0  *  330  T 

C6 

2?  ppf 

140  assu 

mat  2.5  v.,  1.75  «»p. 

a? 

0.5  "00  7,  paper 

3*1  la.  5*0  V. ,  3.0  amp. 

08 

0.0001  mice 

ms.  6.3  V. ,  0.6  amp. 

09 

0*0001  islea 

1  la.  6.6  1  0*3  as$p. 

Sim*  12.6/6.3  ?,  3*82  sap 

CIO 

0.25  paper 

*11 

0.0002  aie&. 

012 

2  paper 

\ 

Beel^trtncee  in  oh&®  and  capaeitia#  in  microfarad*  unless 


otherwise  noted 


. 
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Fig.  9  A.  Position  of  Circuit  Elements. 
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Chassis  No.  1,  Front  Panel. 


Note  •  J3A  and  are  connected  directly  to  end 


Fig.  9  B.  Position  of  Circuit  Elements 
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Chassis  No.  1.  Top  View. 


Chassis  No.  2.  Top  View. 

Power  Input 


Power  output  sad  input  sockets* 
Fla  No.  2,  *210  V 

3,  nos  v 
<♦,?,  6.3  T 
6,  Ground 
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It  would  b#  poa«i  lo  to  rand  ix*4<)  by  tming  to  hiflb  r## la- 
tan  a#  •  .  •  a# <5,  voltnatur  moU  aa  «  bot  trlro  imtmmnt*  '  Y»iaf 
when  avm^d,  would  giv®  a  «tir#ot  indication  of  tfea  atm\di\i\%  de¬ 
viation  for  any  fr#q«a»ay  dlatrlfatiaxu  rfM«  Una  not  been  d<  n 
in  tikis  Instrument  baoaua#  o  1  tire  difficulty  in  obtaining  ttta  long 
tirv  aoaatnnt  daatrad#  Mao  t h-a  recording  potmtiomtew  otto  liable 
could  b#  uaod  only  with  a  d#«.  voltesf#  « 

Cjkol.oo  of  direct 

Cl  row  it  aXermtc  tor  tk®  atandard  delation  circuit  wore 
#oi<a  to  fulfill  tk#  rmpil'A«3nta# 

la)  t*;«  average  voltaic  m*  %m  l&tt^i*Mng  ten;  circuit  =•;  ;.c*  Id 
b#  tb*  *a  a  to®  oa  tb«  circuit  rcoftlc#  &•  ft*#  M  ft  arena#  in  vaXtawa 
could  %h*n  bm  mmmx&i  .-/M  *m£4.  gif#  {%-*■■)* 

lb)  mmm®  voltage  diffcRM##  tk#  too  circuit# 

akoeld  b#  to#  large  *i  ncaalbl#  #b&  ©till  occur#  that  i&#  la*te  t» 
anccu#  «#uld  sot  #xo##d  %b«  mw®4$9  rat#  by  ©a  cacti  at 

would  put  it  on  a  no*  Xinm^  r*&m  of  tk»  f«ss  tub©  voltmeter#. 

4a j  1Si‘>  ooi.ating  rat#  iCitCCfii  M|  Malt  not  br  li  .Curbed 
in  rtadin*':  t&#  atedai*4  deviation  braise#  it  la  tmtllar  the  n&at 

important  <£U«ntlt?« 

Tam®  coflAltlc&c  war#  not  m  f$L%mm 

la)  fb#  voXfug#  cm  t&c  fault  caudcnaar  la  given  fef 

?  «  q  [30) 

Tbi#  n  ,-Ms  %tm%  If  tkm  olsara#  ,$#*  pula#  and  t&o  lalre  r#c5#«* 


. 
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tanc*  in  two  circuits  ware  made  the  some,  the  average  volt:  ,  o 
would  t;i  vn  b®  the  oema#  therefore  in  /ig. B,  iR-19,  Vh&O,  &r d  V21 
Vara  made  equal  to  d~ol»f  ,-3G  ana  2h37*  The  charge  q  was  made 
the  sem  by  feeding  the  pulse  from  the  multivibrator  ,  to  two  am¬ 
plifiers,  one  for  enoh  section.  The  relative  ©is©©  of  the  pulses 
were  controlled  b  control  of  screen,  grid  voltages. 

lb)  The  average  voltage  difference  between  the  circuits  is 
given  approximate!:  by  the  difference  in  standard  deviations. 

The  standard  deviation  in  voltage  ha©  been  shown  to  be: 


q,  M,  and  H,  will  be  the  same  in  the  two  circuit©,  and  if  we 
let  On  and  Co  be  the  condensers  in  the  circuits  for  II  and  x  res- 

X  & 

peotively,  the  voltage  difference  will  be  approximately* 

v-  w~r  U*.  c j 

If  we  my  regard  as  being  large  compared  with  Cg  this  becomes 

V- 

The  values  of  Cg  may  be  obtained  by  first  taking  the  ratio 

i  -  v/j®  Wi«) 

and  then  solving  for  G,3 

c 

{y)  ^MPv 

For  full  scale  deflection  V  was  measured  to  be  12.5  volts.  Then  if 

we  V  equalto  the  square  root  of  7, 

Cg  «  12.5  where  M  is  the  counting  rate  in  counts 

a  !i  h 

per  second  for  full  scale  deflection* 


i 

I 


s 
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Tid)  h  4 

shows  Auf  capacities 

calculated  for  each  range 

ianga  in  c/m 

a  megs 

0  yeferuds* 

20,000 

10 

0.00094 

10,000 

20 

0*00188 

5,000 

20 

0.00375 

2,  OX? 

20 

0.0094 

1,000 

30 

0.0188 

500 

30 

0*0375 

200 

30 

Q*0©4 

The  voltages  at  the  cathodes  or  the  tubes  ?~6  and  ¥-9  alco 
give  an  indication  of  M  and  x*  If  a  voltmeter  was  put  between 
these  points  the  current  required  to  run  it  would  come  through 
M-l  and  therefore  disturb  the  counting  rate  reading* 

This  was  prevented  by  using  a  vacuum  tuba  voltmeter  drawing 
no  current.  The  two  voltages  were  put  on  to  the  grids  of  the  double 
tried©  V~7.  These  voltages  were  jurying  fro,;  105  to  about  05  volts. 
The  cathode  bias  resistors  were  chosen  to  make  the  grids  about  1 
volt  negative  with  no  current  in  (-44.  The  voltages  at  the  cath¬ 
odes  would  then  indicate  B  and  x« 

The  differ  cues  in  cathode  voltage  was  indicated  by  ss«*2.  A 
full  wave  copper  oxide  .rectifier  mde  it  indicate  the  absolute 
differ  an  a? .  The  condenser  0*$3  across  the  voltmeter  was  chosen 
to  give  t  tire  constant  of  approx  hiatal,  30  a* comas*  The  voltage 

micKO 

difference  was  often  about  $j&  volts#  Oeiag  a  lOO^anp  met er  this 


. 


. 
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would  require  a  meter  resistance  of  lb, 000  ohna.  Then  to  give 
a  time  constant  of  .shout  30  seconds,  C  >>3t  be  2, 000 yu farads* 

This  is  ordinarily  e  prohibitively  large  capacity,  but  tfan  volt¬ 
age  is  low  slid  arch  largo  capacities  are  available  at  low  voltage* 
Adjustment  a  for  th  ■•  standard  deviation  peter: 

[  a ;  aero  Setting  for  aero  Input  * 

The  rate  uu  ter ,  ?>1,  Fig  B  was  first  adjusted,  to  aero  with 
>47*  The  voltage  on  the  left  grid  of  7-7  was  then  10b  volte* 

>•40  was  chosen  to  make  the  cathode  relatively  negative  b  about 
1  volt  at  this  adjusts mt#  R-45  was  then  adjusted  to  give  m. 
equal  potential  on  the  other  grid  of  V>?«  This  was  obtained  when 
there  was  no  current  in  >44,  and  hem®  adjustment  of  >44  pro¬ 
duced  no  change  on  the  grid  and  hence  no  charge  in  the  reading  in¬ 
dicated  by  M-2* 

1-42  was  then  adjusted  to  make  the  cathode  potentials  of  V-7 
equal  and  no  current  in  H>B# 
ibj  jggg  ttlug  for  a  legale  (v mj  * 

A  regular  pulse  such  as  60  cycles  was  fed  in  to  the  meter 
and  the  meter  allowed  to  come  to  equilibrium.  The  size  of  the 
pulses  fed  on  to  the  tank  circuits  were  mde  eqtu  1  by  adjusting 
R-3I  until  a  minimum  was  obtained  in  M«*3  with  M-l  indicating  the 
correct  counting  rage*  The  count  n  rate  was  adjusted  by  the  ap¬ 
propriate  resistance  in  the  network,  H-24  to  >30  and  1-48. 

Finally  a  minimum  was  obtained  in  ss-2  by  adjustment  of  .1-43* 
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fig *10  siio  xa  an  exaggerate!  plot 


V 


of  th®  voltages  on  the  tu  l  con- 


den  a  era  of  the  circuits  ’ith  the 


two  that.1  constants*  The  av*  re  o 


Time 


absolute  difference  in  volte-;  o  is 


ng.  10. 

Voltages  with  regular  input 


indicated  by  the  shaded  portion 


This  was  not  found  to  bo  large 


but  does  put  a  Uadt  on  the  accuracy  of  the  in»atruia:  nt.  See  Fig.  11 
Calibration  of  the  standard  deviation  i-calo: 

An  absolute  calibration  may  be  made  only  by  comparing  the 
reading  of  M -2  with  the  standard  deviation  as  obtained  by  direct 

calculation* 

To  do  this  the  pulses  from  the  pulse  output  terminals  wore  fed 
into  the  scalar*  A  series  of  n  scaler  readings  were  taken  while 
the  potentiometer  was  recording  the  deflection,  indicated  by  '"-2* 

The  itandard  deviation  was  calculated  fror  the  readings  by  using 
the  procedure  outlined  previously. 

A  graph  was  th  n  plotted  to  correlate  the  avew.e  meter  de¬ 
flect  ion  with  the  actual  a  ten.  hard  deviation.  This  graph*  Fig. 14, 
also  shows  the  standard  error  of  the  calculated  <r  .  ' 

jl  in  ear  it/; 

To  test  for  linearity  of  the  scale  It  was  necessary  to  cali¬ 
brate  sever?  1  points*  To  obtain  1;  error  would  have  been  very 
laborious  so  a  compromise  of  approximately  100  readings  per  point 


i 

i 

* 

Deflection  of  M-2#  scale  divisions 
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on  the  5000  c/m  scale.  One  scale  division  equals  10  microasros 
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wore  take  ,  which  gave  a  standard  error  of  approximate  1-  7  •  At 
25  socon  is  par  reading,  it  was  th  n  necessary  to  count  for  ap¬ 
proximately  three-quarters  of  an  hour  on  each  point# 

Drift: 

wv^-r  the  time  required  for  several  readings  there  occasionally 
appeared  some  drift  in  the  recorded  reading*  it  me  necessary  hen 
this  was  noticed  on  the  trace  to  check  on  6#  cycles*  'lha  difficulty 
was  usually  in  the  pulse  splitting  elements#  Adjustment  of  k-3 1  to 
give  a  minimum  in  ss-2  gave  the  correct  counting  rate  again  and  the 
original  standard,  deviation  rending# 

For  this  reason  it  is  suggested  that  any  further  instilments 
of  this  type  be  made  with  two  pulse  shaping  circuits. 

Aperiaental  procedure  for  Calibration: 

An  externally  quench  d  HCjl,  Model  20  uoiger  tube  was  used  to 
detect  the  radiation  from  a  radium  sample*  The  pulses  were  put 
directly  into  the  counting  rate  meter*  The  Output  of  the  meter 
was  put  into  the  Scaler  and  the  recording  potentiometer*  The  count¬ 
ing  rate,  from  J-l  was  recorded  for  a.  .proxiraat -  Xy  10  minutes*  and 
then  the  standard  deviation  from  J-2  for  approximately  10  minutes# 
Fig.  11  shows  a  -rjhoto-  raph  of  t*  ty  ic  1  trace* 

TIMPK*  UiBOblTd* 

A  series  of  15  second  readings  were  taken  on  the  scaler*  .he 
timing  was  done  using  an  automatic  control  circuit  as  ehowi.  in 
Fig.  12.  basically  it  is  an  ’scales  Jordan  Trigger  circuit  uit h  e 
relay  in  one  arm.  The  relay  closes  the  "count-’  switch  on  the  scaler 


. 

. 
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when  that  em  Is  conducting*  iii e  pulaes  to  actuate  it  were  ob¬ 
tained  fron  an  elootric  clock  with  two  fi::ed  contacts  and  a  -cut’s 
whicker  *  .1-  oft  \  on  th-  sw^ep  second  hand*  25  cyclf*  electric 
clock  ?aa  uawi,  on d  run  on  60  cycle  current.  Tfnder  this  condition 
tiie  sweep  s- ' oond  hand  completed  one  revoli  tion  in  25  seconds. 

The  contacts  we^e  adjusted  to  turn  the  t  tor  on  for  lb  seconds  und 
then  off  for  1  seconds.  Ten  seconds  was  found  ample  to  read  the 
scaler  and  register  and  reset  for  the  next  reading*  The  coaler  was 
an  Atomic  instrument  Co.  odel  1Q1A,  scale  of  64.  The  output  of 
this  scale  was  put  into  a  Cyclotron  Specialties  Go.  Mechanical 
register. 

The  rela y  was  later  put  into  the  counting  rate  meter  output 
as  illustrated  in  figure  13.  This  led  to  no  spurious  pulses  intro¬ 
duced  into  the  scaler.  In  this  case  also,  the  contacts  on  the  clock 
remained  closed  for  the  15  seconds  during  which  counting  was  carried 
out.  Hawing  the  relay  ©o  close  to  the  pulse  splitting  network  meant 
that  the  size  of  the  pulses  were  affected  by  closing  and  opening 
the  relay.  It  was  then  necessary  to  do  the  counting  while  the  ”0- 
c order  was  off. 

The  timing  interval  was  calibrated  V  so  a  known 

ey*  i 15  shows  the  arrangement  of  the  apparatus 

laboratory. 

in  the  dbertr.  tx.  ■  left  is  tne  oscilloscope  fro  which  the  regular 

calibration  freer:  oies  were  obtained.  hext  to  it  is  the  count  ng 
rate  and  standard  deviation,  meter.  %  -  n  the  aoelers  and  the  re¬ 
cording  miter  on  the  extreme  right*  The  timing  circuit  is  shown  in 

front  of  the  counting  rate  meter# 
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Timing  circuit® 

Besistances  in  ohms 

Capacities  in  microfarads 

Belay  -  St  rut  hers  Dunn  Inc.  Type  28XAX122 
Coil  current,  D.C.  3  m.a. 


£!&•  JJ.  Circuit 


Sumbera  of  Component?  refer  to  Fig,  8# 
Holey  ano  Clock  are  m  in  Fig.  12 
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v*£’  IS  Moratory  to;*r:  tqs 

B'ro®  left  to  ritfbt. 

Oscilloscope  for  calibration  frequencies 
Tiaiag  network 

Counting  r^te  and  standard  deviation  meter 
Scalar  end  register 

foltrol  to  control  speed  of  recording  paper 
Keeording  potentiometer 


iha...Un«  .tut^rra! 
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The  time  lnUirvil  was  measure*  by  maktn*  a  series  of  eount*  of 
pulves  obtained  from  60  cycle*  lint  frequency*  In  the  notation 
already  described,  *  is  the  nvvber  of  count*  recorded  per  lnterral. 

To  sisplify  o*lculatlon*  a  computation  variable  y  va«  chosen,  euch 
th&t  the  deviation*  of  x  from  y  were  -mall. 

In  the  »oTle»  of  20  reading  which  wert  made  the  average  was 
about  640  eounte.  Therefore  y  vat  onoitiu  to  be  840  -  x.  The  mean 
niifliber  of  count*  per  Interval  *  then  y  ♦  840,  and  the  standard 

~~o  —2 

deviation,  y  -  y 

A  summary  of  the  calculations  follow* t 
n  «  20 
7  *  5. 

7*  A."  0.2^5 

20 

.•.**■  040.25* 

p 

The  pulses  wefe  cccurlc^  at  the  rate  of  3600  per  minute  so  the 
averse  time  intern*!  was  8  *0.25  «*  0.?333^minut«*. 

36  o 

Sach  value  of  y  vat  squared ,  and  the  bus  1« 

ZL  (r*)  *  w 

**o  y2  -  ii  -  2.05. 

—  20 

^  «  jr*’  - -y2  „  -1.42. 

m 

-  v  1.988  =  1.41 

The  stand  rd  devi  tion  In  the  time  interval  was  then  l.lfl  x  0.2333' 

840.1 

minutes  *»  0,0004  minute*. 
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The  time  interval  was  than  taken  to  be  0.2334  minutes 
with  a  stand  •  rd  deviation  of  0.0004  minutes. 

gMfiWlaUcB  si  ttM.  lux  msslsJ-Mm-Z 

n  *  100 

T  «  0.2334  minutes 
6ip  •  0.0004  »ilniites 
7  *  X  -  500 

y  -  -5.iJ5 

2 

y  -  29.70 
P-  4-30.57 

n  *  y  *  500  •  404.55 

<ro2  «(P-  y2 )  «  4oo.  87 

(T  -  20.0 

SI 

4~a~  «  22.24 

The  standard  error  of  6^  is 


The  square  ro  t  of  the  mean  is  within  twice  the 
standard  error  of  the  measured  standard  deviation,  and  the 
distribution  has  therefore  not  been  shown  to  differ  significantly 
from  a  Poisson  distribution. 

The  standard  deviation  of  the  counting  rate,  as  defined 
in  appendix  1,  is  given  by 

<5^  “  20,0  .  -  41.4 

Vo.  2334 

The  standard  error  of  Is  • ;  **  ^  —  *  3.0 

Vo.  2334 
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The  observed  variance  of  the  counts  received  will  he  the 
•inn  of  the  Tarl'inees  due  to  timing  errors,  and  the  frequency 
d  stribution  of  the  pulses.  We  desire  only  the  variance  of  the 
frequency  distribution. 

The  standard  deviation  in  m  due  to  the  timing  error  will  he 

2119  x  0.0004  counts  «  0.85  counts. 

2 

The  variance  is  then  0.85  *  0.72 

The  measured  variance  was  400.87* 

The  variance  because  of  the  frequency  distribution  of  the 
pulses  Is  then  400.87  -  0.72  *  400.2,  and  the  desired  standard 
deviation  ,  *  Y  400.2  ♦  20.0. 

The  standard  deviation  is  not  changed  significantly 
*hen  the  timing  error  is  considered.  Therefore  this  correction 
has  been  neglected  in  calculations  of  the  standard  deviations 
for  the  points  on  the  calibration  curve,  Fig.  l4f  p  33. 
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Multiple  Joints; 

Moacu-araenta  were  also  node  uslnj  multiple  pulsoc  obtained 
bf  adjusting  >14  until  the  multivi  ;potoi%  was  slightly  unstable 
aid  oil  :  ;ivo  i  or  ;.iora  pulses  for  each  one  nterlng  it.  -.16 
a  10 it'.*  a  :  ac  for  which  two  count  in,  rat^a  ‘ro:  the  aen  input 
aiow  tun  si.  stand*  •.■•  d  evict!  ■  l  but  different  rates  because  of 
Multiple  counting 


/ 
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E  p  c  e 


fig.  16.  Record  lag  to  show  that  the  standard  deviation 

reading  does  not  depend  significantly  on  the  counting  rate. 
A  -  60  cycle  teat 
B  -  Saiaple  ,  800  c/m 
C  -  o  for  sample  in  B.  J2  c/m. 

D  -  Same  sample  as  in  B  with  5  counts  registered  for 
each  one  entering  the  counter* 

S  -  o  for  B,  which  is  the  same  as  the  o  for  B. 
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Figure  14  illustrates  that  there  is  a  correlation  between  the 
computed  tt  ndard  deviation  of  the  counting  rate  of  a  sample,  and 
the  deflection  of  the  meter  M2,  Fig,  16,  shows  thr  t  the  meter  deflect¬ 
ion  is  not  significnntly  dependant  on  the  counting  rate,  at  least  if 
the  meter  deflection  is  not  small.  In  Fig,  16  the  standard  deviations 
of  two  samples  showing  different  counting  rates,  but  with  theoretically 
the  same  standard  deviation,  do  show  the  same  average  deflection  on  the 
standard  deviation  meter  to  within  about  2$  after  equilibrium  is  reached 
To  obtain  a  similar  comparison  to  the  same  accuracy  by  computing  the 
standard  deviation  from  a  series  of  samples  would  require  one  thousand 
readings  (Fig.  l)  of  each  sample. 

The  accuracy  of  the  standard  deviation  meter  is  limited  by  the 
zero  reading  as  illustrated  in  Fig,  10,  which  is  expected  to  be  a  funct¬ 
ion  of  the  counting  rate.  This  zero  correction  is  apurecialbe  only 

a 

for  small  meter  deflections  for  which  it  would  then  be  significant 
fraction  of  the  indicated  reading.  If  the  distribution  dealt  with 
is  approximately  Poissonion  .  There  is  usually  no  need  to  work  with 
small  scale  deflections  because  a  lower  range  of  the  meter  may  be 
chosen. 

The  difficulty  in  making  an  accurate  calibration  of  the  standard 
deviation  scale  also  sets  a  limit  on  its  acrur  cy.  As  illustrated  in 
Fig.  16,  the  meter  may  be  used  to  give  comparative  standard  deviations, 
and  hence  detect  seme  of  the  counter  defects  outlined  at  the  beginning 
of  the  thesis. 

Theoretical  calibration,  either  by  the  measurement  of  voltages, 
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or  by  measuring  -a#  the  tandrrd  deviation  of  a  sample  which  may 
reasonably  he  expected  to  follow  the  Poisson  distribution  within  the 
accuracy  of  the  instrument  are  suggested  f-b  being  expected  to  give  a 
more  reliable  calibration.  Such  a  sample  could  be  obtained  from  a 
scintillation  counter,  counting  at  a  rate  low  enough  so  that  the 
effect  due  to  dead  time  of  the  counter  tube  and  circuits  would  not  be 
significant.  The  standard  deviation  would  then  be  very  close  to  the 
•quare  root  of  the  mean. 
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standard  deviation 

The  principle  of  the  meter  is  thnt  it  reeds  the  two  quantities, 
average  counting  rate  over  a  long  porio  ,  aru*  th  counting  rate  over 
a  short  period*  Thi3  is  accomplished  b.  using  two  in  terra  tir  cir- 
-iffere:.  constants  or  fMM  l  *  till  t,  The  L 

time  constant  circuit  gives  an  indication  of  the  average  rate,  , 
and  tno  abort  time  constant  circuit  giva©  an  indication  of  the  actual 
rate  x  over  a  abort  period. 

Fig#  ?  snows  how  the  voltago  me,  var;  on  each  circuit#  The 
shaded  a  rot  between  tuo  two  ourvos  given  an  indication  of  tho  de¬ 
viation  of  the  act- al  counting  rate  fro:  the  me  an. 

Tho  tirn  Cl  :ja  i  or  t  .  ft  3. 

TABL"  3. 

_ _ TH2  Ti;-!':  >  IK  TH"  VA  KJ\  >  Al:  ■  n  0  ’  _ 


Range 

Or  for  the  mean 

CRfor  the  aotusl  rate 

?atio< 

20,000  o/a 

20  sec. 

0.0094  sec# 

2120 

10,000 

40 

0.0375 

1060 

5,000 

40 

0.075 

540 

2,000 

40 

0.183 

.212 

1,000 

60 

0.563 

106 

500 

60 

1.13 

54 

200 

60 

2,82 

22 

Both  integrating  circuits  are  mode  to  read  the  sane  avers  c 
voltage  so  that  the  instantaneous  volte  e  difference  gives  a  reading 
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liafi  -ltlon  of  <Ty  »s  w«*d  In  thl»  th»il» 

The  standard  deviation  of  the  counting  pate,  dj,  as 
indicated  by  the  standard  deviation  meter  is  to  be  the  standard 
deviation  which  would  be  obtained  if  the  readings  wore  taken 
for  unit  time,  in  this  case  for  one  minute*  This  can  be  done 
because  with  the  decaying  memory  of  the  Instrument  Any  rbitmry 
.  time  Interval  may  be  chosen  as  a  unit  for  calibration* 


In  calibrating  the  instrument,  if  readings  are  taken 

2 

for  a  time  interval  T,  the  relative  variance,  0^  /  m  ,  would 


be  expeoted  to  be  the  same  as  would  be  obtained  If  the  reeding! 
were  taken  for  unit  time* 


H 


and  since  M  »  —  ,  this  reduce*  to 


The  standard  deviation  of  an  estimate  of  the  counting 
rate  obtained  by  counting  for  an  Interval  T,  it  given  by  OJ,/  T. 


This  may  be  obtained  by  taking  0#  //  ¥  •  It  will  be  noted 


that  this  is  the  same  as  If  T  readings  were  taken  for  the 
unit  interval*  The  standard  deviation  is  reduced  by  the  square 
roCt  of  tho  number  of  readings,  in  tfci»  case  T* 

lth  d"  as  defined  above,  the  standard  deviation  meter 

PS 

may  be  used  obtain  an  estimated  sta&tterc  deviation  of  the  rate 
after  counting  for  &  time  interval  which  is  c;no  n«  During  the 
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counting,  however,  it  gives  the  standard  deviation  of  the  rate 


as  though  a  unit  time  interral  was  being  used.  Then  the  indicated 
6^  should  on  the  average  be  equal  to  the  square  root  of  the 
indicated  rate  if  the  pulses  counted  are  following  the  Poisson 
distribution. 

An  analysis  of  the  expected  standard  deviation  of  the 
indicated  <r:  has  not  yet  been  carried  out. 
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Tho  following  w*a  pro- lent  ad  by  Mr*  H, 

k 

Keeping,  and  alto  worked  out  independently  by  Dr*  •  *«  Hepp. 
Let  m  •  a  parcMtcr  of  the  distribution 

[m]  ■  the  integer  equal  to  or  next  below  a 
?ho  moon  deviation  its 

f  ffll  °° 

"  c*d.  *  2"  (n-x)F  (x)  +  XI  (x*a)P  (x) 


x~0 


W*1 


.  .  -B  * 

where  F  (x)  »  e  ia 


CO 


fnd  ^  P  (x)  •  1 


CO 


Therefore,  >  _  P  (x)  «  1  -  ^ 

0**  l  ® 


Pjx) 


jVl  °°  IfflLl 

fro®  whioh  >  __  a  Ptt(x)  -  *  P  (x)  *  -  n  ♦  7-  P  (x) 

[■in  ®  o  » 

Osl 

XT  *  *  (*; 


ana  2, _ *  P  (x)  "  >  x  P  (x) 

9  ^  K 


JjuL 

’  *2 _  _JS» 


a  x  "l 
■ 


1  T**I7l 

forjJ  *k  yr 

2  2 - &~ 
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0*0 

H  XJ. 

(•]♦!  ' 


Th«ir*for*# 

Then, 

SI*  di 


oo  .m  x-1  00  _ 

w  •  «r  *  »  •  njz  *il*! 

[■]4l  (x-1)!  L*Q  x! 

oo 

-  .  H  r  (X) 
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